Temporal and spatial variation of fine-structure constant α ≡ e 2 / c in cosmology has been reported in analysis of combination Keck and VLT data. This paper studies this variation based on consideration of basic spacetime symmetry in physics. Both laboratory α 0 and distant α z are deduced from relativistic spectrum equations of atoms (e.g.,hydrogen atom) defined in inertial reference system. When Einstein's Λ = 0, the metric of local inertial reference systems in SM of cosmology is Beltrami metric instead of Minkowski, and the basic spacetime symmetry has to be de Sitter (dS) group. The corresponding special relativity (SR) is dS-SR. A model based on dS-SR is suggested. Comparing the predictions on α-varying with the data, the parameters are determined. The best-fit dipole mode in α's spatial varying is reproduced by this dS-SR model. α-varyings in whole sky is also studied. The results are generally in agreement with the estimations of observations. The main conclusion is that the phenomenon of α-varying cosmologically with dipole mode dominating is due to the de Sitter (or anti de Sitter) spacetime symmetry with a Minkowski point in an extended special relativity called de Sitter invariant special relativity (dS-SR) developed by Dirac-Inönü-Wigner-Gürsey-Lee-Lu-Zou-Guo.
Introduction
Temporal and spatial variation of fundamental constants is a possibility, or even a necessity, in an expanding Universe (see, [1] , and a review of [2] ). A change in the fine structure constant α ≡ e 2 /( c) could be detected via shifts in the frequencies of atomic transitions in quasar absorption systems. Recent analysis of a combined sample of quasar absorption line spectra obtained using UVES (the Ultraviolet and Visual Echelle Spectrograph) on VLT (the Very Large Telescope ) and HIRES (the High Resolution Echelle Spectrometer) on the Keck Telescope have provided hints of a spatial variation of the fine structure constant (α), which is well represented by an angular dipole model [3] [4] . That is, α could be smaller in one direction in the sky yet larger in the opposite direction at the time of absorption. Prior to that, measurements of possible time variations of the fine-structure constant was achieved by the same method [5] [6] [7] [8] [9] in the Keck telescope. It has been shown that the time variation of α exists. Thus, α is a "constant" varying with both red-shift z (or cosmologic time) and direction in the sky equatorial coordinates. Namely, α = α z (Ω) where Ω indicates the direction in the sky. Those direct measurements of possible space-time variations of the fine-structure constant are of utmost importance for a complete understanding of fundamental physics.
A straightforward conjecture for this phenomenon is that the space-time function of α(x) may be thought as a scalar field ϕ(x) or a function of ϕ(x) in the spacetime with some suitable dynamics (see, e.g, [10] [11] [12] ). The ϕ(x) is a matter field and fills the Universe everywhere. Sometime one could call it dilaton-like scalar field. Along this way of thinking, authors of reference [13] argued that the spatial variation of the fine structure constant α may be attributable to the domain wall of ϕ(x) in the Universe.
In this present paper, we would like to present a matter-field-free scheme to answer the challenging questions such as why the fine-structure "constant" α varies over space-time, and why spatial variation of α is well represented by an angular dipole mode. The scheme is still in the framework of standard cosmology and of the Special Relativity (SR) theory except that SR's spacetime symmetry will be extended. Concretely, we shall apply the de Sitter invariant Dirac equation to the distant hydrogen atom to explain such variations of α in cosmology. The calculations are based on the theory of the de Sitter invariant special relativity (dS-SR) developed by Dirac-Inönü-Wigner-Gürsey-Lee-Lu-Zou-Guo [14] [15] [16] [17] [18] [19] [20] [21] [22] . To study atom physics in dS-SR were firstly called for by P.A.M. Dirac in 1935 [14] .
To show the fine-structure constant α is unvarying over space-time in the Standard Model (SM) of physics including cosmology, we examine the relativistic wave equation of an electron in hydrogen in SM of physics. First, we consider the laboratory atom. From the viewpoint of cosmology, the energy level E of a free hydrogen atom in laboratory is determined by the Dirac equation in a local inertial coordinates system located at the Earth in the Universe described by Friedmann-Robertson-Walker (FRW) metric. The spacetime metric of the local inertial system is Minkowski metric: where {α ≡ α 1 i+α 2 j+α 3 k, β} are Dirac matrices, ∇ ≡ (∂/∂x 1 )i+(∂/∂x 2 )j+(∂/∂x 3 )k and r = (x 1 ) 2 + (x 2 ) 2 + (x 3 ) 2 . This matrix-differential equation is integrable and the solution of the eigenvalue E is (see, e.g., [23] We keep in mind that the coefficients of operators −iα · ∇ and −1/r in Eq.(1.2) are c and e 2 respectively, and their ratio is the definition of α (see Eq(1.3)).
Next, we consider a distant atom of hydrogen located on the light-cone of FRW-Universe (see Fig.1 ), i.e., the nucleus coordinate is Q µ (z) ≡ {Q 0 , Q}, and electron's is L µ (z) ≡ {L 0 , L}. Noting that the metric of the local inertial coordinate system at Q µ in FRWUniverse is still η µν (1.1) because of the spacetime-independency of η µν and denoting L µ (z)− Q µ (z) ≡ x ′µ , the electron wave equation in the distant atom reads Comparing (1.5) with (1.3), we conclude that 6) which indicates that the fine-structure constant is unvarying indeed in SM of physics. The argument above on α-unvarying in SM made by comparing Dirac equation for laboratory hydrogen atom with that for a distant hydrogen atom is deeply related to aspects of Special Relativity (SR), General Relativity (GR) and Cosmology. In other words, the α-varying phenomena reported in [3] [4] [5] [6] [7] [8] implies some new physics beyond SM. Further remarks on this issue are follows: 
where D L µ = ∂ ∂L µ −ie/(c )η µν A ν , and the electromagnetic potential A ν ≡ {φ = e/r, A}. So, the operator structure of (1.2), (1.4) and a dimensionless combination of universal constants α = e 2 /( c) are rooted in the symmetry assumption of the theory.
2. The point that α is unvarying is deduced from the constancy of the adopted metric of local inertial coordinate system in the FRW Universe (i,e., {η µν } =const.). So, the fact of the α-varying in real world reported in [3] [4] [5] [6] [7] [8] indicates that the metric of local inertial coordinate system in the real Universe may be spacetime-dependent. [19, 20] and Appendix in [24] for the English version). It has been proved that Lu-Zou-Guo's dS-SR is a satisfying and self-consistent special relativity theory. In 2005, one of us (MLY) and Xiao, Huang, Li suggested dS-SR Quantum Mechanics (QM) [20] .
Beltrami metric (see Appendix A)
is the basic metric of dS-SR with Minkowski point coordinates M µ = 0 (i.e., B µν (x)| x=M =0 = η µν ) [20] . Both η µν and B µν lead to the inertial motion law for free particlesẍ = 0, which is the precondition to define inertial reference systems required by special relativity theories. However, the B µν -preserving coordinate transformation group is de Sitter group SO(4, 1) (or SO(3, 2)) rather than E-SR's inhomogeneous Lorentz group ISO(1, 3) [17] [18] [19] [20] , different from the case of η µν . In addition, η µν does not satisfy the Einstein equation with Λ (Einstein cosmology constant) in vacuum, but B µν (x) does satisfy it (see below). Generally, when M µ = 0, the basic metric of dS-SR is modified to be
where
which will be called Modified Beltrami metric, or M-Beltrami metric. Based on B (M ) µν (x), the dS-invariant special relativity with M µ = 0 can be built. The procedures and formulation are similar to ordinary dS-SR in [17] [18] [19] [20] , which is actually a slight extension of usual dS-SR (see Appendix B). It is essential, however, that B (M ) µν (x) is spacetime dependent and has more parameters {R, M µ }, which may provide a possible clue to solve the puzzle of α-varying.
5. Our strategy in this present paper for solving this puzzle is to pursue the following dS-SR Dirac equation for both electron in laboratory hydrogen and electron in distant hydrogen in the FRW Universe (see Eq. (25) in [21] ):
a is the tetrad, ω ab µ is spin-connection, and the electromagnetic potential A ν ≡ {φ B , A}. Unlike E-SR Dirac equation (1.7), the spacetime symmetry of (1.12) is de Sitter invariant group SO(4, 1) (or SO(3, 2)) instead of former ISO(3, 1). Specifically, the dS-SR Dirac spectrum equation can be deduced from (1.12). It is essential that the result will be different form E-SR equation (1.2) . Following the method used in (1.2) (1.3), the coefficients of resulting (−iα · ∇)-type and (−1/r)-type operator terms in the dS-SR Dirac spectrum equation are of z (Ω)c and e z (Ω) 2 respectively. Then their ratio yields prediction of [20] . In this paper, the adiabatic approach [26] [27] [28] will be used to deal with the time-dependent Hamiltonian problems in dS-SR QM. Generally, to a H(x, t), we may express it as H(x, t) = H 0 (x) + H ′ (x, t). Suppose two eigenstates |s and |m of H 0 (x) are not degenerate, i.e., ∆E ≡ (ω m − ω s ) ≡ ω ms = 0. The validity of for adiabatic approximation relies on the fact that the variation of the potential H ′ (x, t) in the the Bohr time-period (∆T ′ (x, t)|s . That makes the quantum transition from state |s to state |m almost impossible. Thus, the non-adiabatic effect corrections are small enough (or tiny) , and the adiabatic approximations are legitimate . For the wave equation of dS-SR QM of atoms discussed in this paper, we show that the perturbation Hamiltonian describes the time evolutions of the system H ′ (x, t) ∝ (c 2 t 2 /R 2 ) (where t is the cosmic time). Since R is cosmologically large and R >> ct, the factor (c 2 t 2 /R 2 ) will make the time-evolution of the system so slow that the adiabatic approximation works. We shall provide a calculations to confirm this point in the paper. By this approach, we solve the stationary dS-SR Dirac equation for one electron atom, and the spectra of the corresponding Hamiltonian with time-parameter are obtained. Consequently, we find out that the electron mass m e , the electric charge e, the Planck constant and the fine structure constant α = e 2 /( c) vary as cosmic time goes by. These are interesting consequences since they indicate that the time-variations of fundamental physics constants are due to solid known quantum evolutions of time-dependent quantum mechanics that has been widely discussed for a long history (e.g., see [28] and the references within).
7. Finally, we argue that it is reasonable to assume that the Beltrami metric is the appropriate metric for the spacetime of the local inertial system in real world. If we express the total energy momentum tensor T µν as the sum of a possible vacuum term −ρ (v) g µν and a term T M µν arising from matter (including radiation), then the complete Einstein equation is [29] [30] [31] :
where ρ (v) is the dark energy density, so Λ dark energy = 8πGρ (v) , and Λ is originally introduced by Einstein in 1917, and serves as a universal constant in physics. We call it the Einstein (or geometry) cosmological constant. The effective cosmologic constant Λ ef f = Λ + Λ dark energy ≃ 1.26 × 10 −56 cm −2 is the observed value determined via effects of accelerated expansion of the universe [32] and the recent WMAP data [33] . We have no any a priori reason to assume the geometry cosmologic constant to be zero, so the vacuum Einstein equation is:
instead of G µν = 0, and hence the vacuum solution to (1.14) is g µν = B
(M )
µν (x) with |R| = 3/Λ instead of g µν = η µν . Therefore, we conclude that the metric of the local inertial coordinate system in real world should be Beltrami metric rather than Minkowski metric. Thus, the dS-SR Dirac equation (1.12) (instead of E-SR Dirac equation (1.7)) is legitimate to characterize the spectra in the real world, and then the α-varying over the real world space-time would occur naturally.
This paper provides an understanding of the α-varying in cosmology reported in [3] [4] by means of extending the basic spacetime symmetry in the local inertial coordinate systems in the standard cosmologic model. The contents of the paper are organized as follows. In section 2, light-cone of Friedmann-Robertson-Walker universe is described, and relation of cosmological time to redshift z is shown. The relation of t − z is based on ΛCDM model and the cosmology parameters (H 0 , Ω m0 , Ω Λ ≃ 1 − Ω m0 ) in real world; In section 3, we describe the local inertial coordinate system in light-cone of FRW Universe with Einstein cosmology constant Λ. The metric of such local inertial systems is M-Beltrami metric that services as the basic metric of de Sitter invariant special relativity (dS-SR); In section 4, we derive the electric Coulomb law at light-cone of FRW Universe in terms of dS-SR Maxwell equations. As is well known, Coulomb force dominates the dynamics of the atomic spectrums. In section 5, we discuss the fine-structure constant variation along the best-fit dipole direction shown in [3, 4] . The α-varying ∆α/α 0 ≡ (α z (Ω) − α 0 )/α 0 (where α 0 is α's value in laboratory) in this region is derived. Using the data along this best-fit dipole reported by [3, 4] , the model's parameters are determined. The theoretical predictions are consistent with the observations. In section 6, we examine the α-varying in whole sky. The results are also in agreement with the estimate from Keck-and VLT data. Finally, we briefly summarize and discuss our results. In Appendix A we briefly recall the Betrami metric and the de Sitter invariant special relativity. In Appendix B, a remark on the modified Beltrami metric used in this paper is provided.
Light-Cone of Friedmann-Robertson-Walker Universe
The isotropic and homogeneous cosmology solution of Einstein equation in GR (General Relativity) is Friedmann-Robertson-Walker (FRW) metric. In this section we discuss the Light-Cone of FRW Universe because all visible quasars in sky must be located on it (see Figure 1 ). The Friedmann-Robertson-Walker (FRW) metric is (see, e.g., [34] )
where a(t) is scale (or expansion) factor and r
Hereafter, for the sake of convenience, we take t to be looking-back cosmologic time, so that t < 0. As is well know FRW metric satisfies homogeneity and isotropy principle of present day cosmology. For simplicity, we take k = 0 and a(t) = 1/(1 + z(t)) (i.e., a(t 0 ) = 1). And the red shift function z is determined by ΛCDM model [29, 35, 36] (see, e.g., Eq.(64) of [29] ):
where Substituting (2.16) into (2.18) gives figure 3 . Ratio of Q over Q 0 is shown in figure 4. In principle, almost all calculations on quantum spectrums in atomic physics are achieved in the inertial coordinate systems. From the cosmological point of view, the phenomena of atomic spectrums should be described in the local inertial coordinate systems of FRW Universe. Therefore, we are interested in how to determine the local inertial coordinate system in light-cone of FRW Universe when the Einstein cosmology constant Λ is present.
Existence of local inertial coordinate system is required by the Equivalence Principle. The principle states that experiments in a sufficiently small falling laboratory, over a sufficiently short time, give results that are indistinguishable from those of the same experiments in an inertial frame in empty space of special relativity [37] . Such a sufficiently small falling laboratory, over a sufficiently short time represents a local inertial coordinates system. This principle suggests that the local properties of curved spacetime should be indistinguishable from those of the spacetime with inertial metric of special relativity. A concrete expression of this ideal is the requirement that, given a metric g αβ in one system of coordinates x α , at each point P of spacetime it is possible to introduce new coordinates x ′α such that 20) and the connection at x ′ P is the Christoffel symbols deduced from g ′ αβ (x ′ P ). In usual Einstein's general relativity (without Λ), the above expression is
which satisfies the Einstein equation of E-GR in empty space:
In dS-GR (GR with a Λ), the local inertial coordinate system at x ′α P is characterized by
αβ (x ′ P ) were given in (1.10), which satisfies the Einstein equation of dS-GR in empty spacetime: G µν + Λg µν = 0 with Λ = 3/R 2 . (Note η µν does not satisfy that equation, i.e., G µν (η) + Λη µν = 0. So it cannot be the metric of the local inertial system in dS-GR with Λ).
To the light cone of FRW Universe with Λ, the coordinate-components Q 0 (z) = ct(z) and Q(z) have been shown in Eqs.(2.16) (or Figure 2 ) and (2.19) (or Figure 3 ) respectively. Therefore from (1.10), the space-time metric of the local inertial coordinate system at position Q(z) of the light cone is determined to be
We see from Figure 1 that the visible atom is embedded into the light cone at Q-point. Since Q ≃ L (i.e., comparing with the Universe, atoms are very very small), we can reasonably treat the metric of the spacetime in the atomic region as a constant. This is just the adiabatic approximation adopted in [21] . When 
then equations (3.24) and (3.25) become 27) where
We introduce notations:q 30) and construct two project operators in spacetime {q µ } with metric η µν :
It is easy to check the calculation rules for project operators: 
µν (Q) can be written as
µν is a tensor in the spacetime {q µ , η µν }, it can be written as follows from (3.36):
Furthermore, by means of ( 
Or explicitly in matrix form:
In the Beltrami spacetime B with the metric B (M ) µν , the tetrad e a µ is defined via the following equation
(3.41)
Generally, we have expansion of e a µ :
where a and b are unknown constants. Substituting equations (3.38) (3.42) into (3.41) gives
Comparing the left side of (3.43) with the right side, and notingθ andω being project operators with properties of (3.32)-(3.35), we find that:
Substituting (3.44) into (3.42) gives
a is the inverse of e a µ given by:
With the equations (3.46) and (3.41), we have
and
Next we derive spin-connection ω 
we have
Substituting (3.27) (3.45) into (3.51) and (3.52) gives
Electric Coulomb Law at Light-Cone of FRW Universe
The hydrogen atom is a bound state of proton and electron. The electric Coulomb potential binds them together. The action for deriving that potential of proton located at
µν (Q) of eq.(3.24) ( see Fig.1 ) in the Gaussian system of units reads
00 , j} is the 4-current density vector of proton (see, e.g, Ref. [38] : Chapter 4; Chapter 10, Eq.(90.3)).
and the equation of motion δS/δA µ (x) = 0 as follows (see, e.g, [38] , Eq. (90.6), pp257)
In Beltrami space, A µ = {φ B , A} (see, e.g., [38] , eq.(16.2) in pp. 45) and 4-charge current
00 , j}. According to the expression of charge density in curved space in Ref. [38] , (pp.256, Eq. (90.4)), ρ proton ≡ ρ B = e √ γ δ (3) (x) and j = 0, where
(84.7) in Ref. [19] ) (4.58)
By means of the gauge condition
is a solution that satisfies the gauge condition (5.79) (noting (and (B (M ) ) ij ) were given in (3.27) (and (3.40)), i.e.,
The equation of Coulomb law (4.63) can be compactly rewritten as:
where tensor
and I := δ (3) (x). Symmetric matrix B (M ) can be diagonalized via similitude transformation due to matrix P :
Here, λ i with i = 1, 2, 3 and matrix P can be found in det(B (M ) − λI) = 0. From (4.64), the results are:
2 . The follows can be checked:
where I is 3 × 3-unit matrix. So that Eq.(4.65) can be rewritten as follows
where 
where a calculation result det(P T ij ) = 1 has been used. Setting
Then, we get the Coulomb potential:
At this stage, in order to get the expression of fine-structure constant µν respectively, into the Dirac equation (1.12) of hydrogen atom located in the local inertial coordinate system of the light-cone in FRW Universe with Λ (see Fig.1 ). Such an α(Q) will characterize the temporal and spatial variations of fine-structure constant α. When we assume M = 0, α(Q)| (M =0) has been calculated in the Ref. [21, 22] . In the present paper we study the observation results of Keck and VLT reported by [3] recently by means of M = {M 0 , M 1 , 0, 0}-model. To calculate α(Q) analytically, we build 3-dimension spatial Cartesian coordinate system {Q 1 , Q 2 , Q 3 } on the equatorial coordinate figure showing the Keck and VLT best-fit dipole structure of ∆α/α in Ref. [3] . DenotingQ i ≡ Q i /|Q| and Q 1 as the best-fit dipole position, the directions of the three axis
3 ) = {11.4 h, 0
• } (see Figure  5 and its caption). Angle (Θ) between a quasar sight line ({ϕ
q }) and axis Q 1 is determined by following
In this section we calculate α(Q) for Θ = π and Θ = 0 following the method in Ref. [21] and [22] . figure (a) , the background is all-sky plot in equatorial coordinates showing the independent Keck (green, leftmost) and VLT (blue, rightmost) best-fit dipoles, and the combined samples (red, center), for the dipole model ∆α/α = A cos Θ copied from [3] . The locations of axis {Q 1 ,Q 2 ,Q 3 } in this figure are marked by "•". In [3] it has been measured that the best-fit dipole is at right ascension ϕ
[RA] = 17.4±0.9 h, declination ϑ
[D] = −58 ± 9 dec. The cosmic microwave background dipole antipole are illustrated for comparison. The directions of 3-dimension spatial Cartesian coordinate system {Q 1 , Q 2 , Q 3 } that we take are:
2 ) = {17.4 h, 31
3 ) = {11.4 h, 0 • }. In right figure (b) , the 3-dimension spatial Cartesian coordinate system {Q 1 , Q 2 , Q 3 } with a non-zero space component M 1 of Minkowski point is drawn. Θ is angle between a quasar sight line ({ϕ
q }) and axis Q 1 . Formula for computing it is cos Θ = cos[ϑ
q ].
Formulation of
, ϑ
• }, the angle Θ between them is equal to π (or 0), and the locations of distant atoms on the light-cone in the FRW Universe are at {Q 0 , Q 1 > 0 (or < 0), Q 2 = 0, Q 3 = 0} (see Figure 1 ). Then we have q
Here, for a known red-shift z, Q 0 ≡ ct(z) and Fig.2 and Fig.3 ). Then Eqs.(4.67) -(4.68) become 
83) where factor cβ in the front of the equation is only for convenience, L µ ≃ Q µ has been used (see Fig.1 ), and
We use the method suggested in [21] [22] and expand each terms of (5.83) to the order as follows:
1. Since observed distance hydrogen atom must be in the light cone and the location is
2 , and the first term of (5.83) reads
In the follows, we use variables {x 1 ,x 2 ,x 3 } (where since Eqs.(5.81)(5.82),
Following notations are introduced hereafter:
88)
Then, noting
2. Estimation of the contributions of the fourth term in RSH of (5.90) ( the spin-connection contributions) is as follows: From (3.53), the ratio of the fourth term to the first term of (5.90) is:
where a c = /(m e c) ≃ 0.3×10 −12 m is the Compton wave length of electron. O(cta c /R 2 )-term is neglectable. Therefore the 3-rd term in RSH of (5.87) has no contribution to our approximation calculations. . 1 ), we get the first term in LHS of (5.83)
4. The second term of (5.83) is
In order to discuss the spectra of Hydrogen atom in the dS-SR Dirac equation, we need to find its solutions with certain energy E for electron in the atom. From Eq.(68) in
Ref. [20] , we have
where a estimation for the ratio of the 4-th term to the 2-nd of Eψ were used: 
Then substituting (5.97) into (5.95) gives
100) 
where φ B -expression (4.76) were used, and hence
, with α = e 
Substituting (5.106) (5.107) into (5.105) gives
(5.108)
When z = 0 (or Q 0 → 0, and Q 1 → 0), α z (Ω) should be normalized to be α z (Ω)| z=0 = α 0 which is the α-value measured in the Earth laboratories. So from (5.108) we have
Therefore, from (5.108) and (5.109), we obtain
= ±Q(z) (i.e., |Q 1 (z)| = Q(z)) have been given in Eqs.(2.16) and (2.19) respectively (see also Fig.2  and Fig.3 ).
Comparisons with Observations of Alpha-varying for Cases of
Equation (5.112) is the prediction of α-varying derived from dS-SR Dirac equation of distant hydrogen atom located in Q 1 -axis. When the location Q 1 > 0, the direction of the corresponding quasar sight line is opposite to the direction of Q 1 -axis (see Fig.5 ). For this case the corresponding angle ( Θ ) between the quasar sight line and the Q 1 -axis is equal to π (i.e., Θ = π for this case). Oppositely, when the location Q 1 < 0, we have Θ = 0, i.e., the direction of the quasar sight line is same to the direction of Q 1 -axis. For both of cases, we can generally write Q 1 in Eq.(5.112) as 
where N 0 is the same as (5.110) and
The equation (5.114) is the theoretic prediction of dS-SR, whose variables are z (red shift) and Θ(= 0, or π), and the adjustable parameters are R, M 0 , M 1 . The discussions on it are follows:
1. Since |R| is the maximal length scale parameter in the theory (say |R| ∼ 10 12 lyr [25] ), we could deduce the ∆α/α 0 's Taylor-power series of 1/R 2 from (5.114) (for practical calculations, "Mathematica" is useful): 
we have µν (Q) of local inertial coordinate system and then ∆α/α 0 (z) along Q 1 -axis are fully known. In figure 7 , the curves of ∆α/α 0 (z) are plotted. The Keck's data in 2004 reported by [9] [39] are illustrated for comparison. Since the 2004-data were obtained by observations in all directions in Keck at that time, the deviations between the data and the prediction curves of ∆α/α 0 (z) are understandable. The point here is that the curves remarkably show a nontrivial scenario described and reported by Ref. [3] . That is, in one direction in the sky α was smaller at the time of absorption, while in the opposite direction it was larger. More explicitly, we illustrate 3 pairs of ∆α/α 0 (z)-predictions in table 1 as examples. In the table, Θ = 0 (or π) means the quasar sight line is parallel (or anti-parallel) to direction ofQ 1 (ϕ
• }. For each z, there are two values of (∆α/α 0 ) th with opposite signs, which just matches the expectations of observations. Such a theoretical picture is subtle. In addition, it were also reported as a dipole form in [3] ∆α α 0 ≃Ā obs cos Θ, withĀ obs = (1.02 ± 0.21
whereĀ obs means the observation value of amplitudeĀ. Theoretically, figure 7 indicates that when z ∼ 2 to 4,Ā th ≃ 1. × 10 −5 which coincides withĀ obs .
4. We further plot the curves of ∆α/α 0 of (5.114) with (5.119) in more wide z-region including radiation epoch of the Universe in Figure 8 (that epoch roughly corresponds to z ≥ 3 × 10
3 ). For Θ = 0, the radiation epoch limit of ∆α/α is 4.7 × 10 −5 , while for Θ = π, this limit is about −5 × 10 −6 . Therefore, we find that in that epoch the dipole form (5.120) is no longer true. 
α-Varying in Whole Sky
In the last section, the α-varying for Θ = {0, π} (or for case that both distant atom and quasar lie at Q 1 -axis) was studied and the model's parameters R, M 0 , M 1 have been determined. Now we discuss general case of Θ ∈ {0, π}, i.e., the case of Q 1 = 0, Q 2 = 0, and Q 3 = 0 (see Fig. 5 ). The corresponding M-Beltrami metrics (3.27) reads
From Eq.(4.67), we have
We now focus on the derivations of α in this case. In section 5, we presented the procedure for calculating α step by step in detail based on B
78), the calculations in section 5 can be repeated smoothly. The resulting α z (Ω)-expression (5.105) keeps invariant except the {B 1, 2, 3 ). Namely we have
µν (Q), λ i are given in Eqs.(6.122), (6.123) and (6.124) respectively. The corresponding α-varying formula reads 126) where N 0 is given in (5.110). The α-varyings ∆α/α 0 (z, Θ) are shown in Fig.9 by using (6.126) in which the curves correspond to z from 0 to 4.5 and Θ = {0, π/4, π/3, 0.4π, π/2, 0.6π 2π/3, 3π/4, π} respectively. We can see from the figure that: (i) When z were fixed, ∆α/α 0 decreases along with Θ increases from 0 to π; (ii) In regions of {0 ≤ Θ < 0.4π} and {0.6π < Θ ≤ π} ,α vary special spatially. That is, α could be smaller in one direction in the sky yet larger in the opposite direction at the time of absorption. This feature is consistent to the observations in Keck and VLT reported by [3] and [4] ; (iii) When Θ ∼ {0.5π, 0.6π, 0.7π}, the observation results of α-variations ∆α/α 0 are nearly null.
In order to show ∆α/α 0 's dipolar behavior more explicitly, we further plot figure of ∆α/α 0 vs A r cos Θ in Fig.10 . Three theoretical prediction curves corresponding to Θ = {0, π/4, 0.4π} and the experiment observation data reported by [3] (1.1 ± 0.25) × 10 −6 GLyr reported in [3] . However, for absorbing systems with Θ ≃ 0.4π and |r cos Θ| ≥ 3.5GLyr, the curve with Θ = 0.4π in Fig.10 indicates that ∆α/α 0 (Θ ∼ 0.4π) = −∆α/α 0 (Θ ∼ (π − 0.4π)). This means that the dipole term (i.e., the term ∝ cos Θ) in the expansion of ∆α/α 0 is no longer dominating. For the absorbing systems with 0.4π < Θ < 0.5π the situations is also similar. Observational experiments to check such predictions is called for.
Summary and Discussions
The spacetime variations of fine-structure constant α ≡ e 2 / c in cosmology is a new phenomenon beyond the standard model of physics. To reveal the meaning of such new physics is of utmost importance to a complete understanding of fundamental physics. The main conclusion of this paper is that the phenomenon of α-varying cosmologically with dipole mode dominating is due to the de Sitter (or anti de Sitter) spacetime symmetry in an extended special relativity called de Sitter invariant spacial relativity (dS-SR). Specifically, the logic that leads to this conclusion are summarized as follows:
1. The Keck+VLT data that imply varying α are results of measuring spectra of atoms (or ions) in distant absorption clouds. So it is legitimate to use the electron wave equation of atoms (typically, the Hydrogen atom) to discuss this issue.
2. As usual, QM equations for spectra in atoms are defined in inertial coordinate systems to avoiding ambiguities caused by inertial forces. So, it is necessary to take the local inertial coordinate systems in FRW Universe for discussing both laboratory atoms and the distant.
3. When Einstein's cosmology constant Λ ≡ 3/R 2 = 0, the metric in the local inertial coordinate systems in FRW Universe has to be Beltrami metric B µν (x) or M-Beltrami metric B 6. According to [3, 4] , we focuss the best-fit direction about right ascension ∼ 17.5 h, declination ∼ −61 deg, and calculate ∆α/α 0 in this region. Comparing the theoretical prediction with the observation results reported in [3, 4] , the model's parameters are determined: R ≃ 500GLyr, M 0 ≃ −100GLyr and M 1 ≃ −22GLyr. Surprisingly but not strangely, the amazing observational discover about ∆α/α 0 -dipole in [3, 4] is reproduced by this dS-SR theoretical model. This is a main result of this paper, which could be thought as a nontrivial evidence to support dS-SR.
7. The α-varying in the whole sky have also been studied in this model with the same parameters. The results are generally in agreement with the estimations in [3, 4] .
To get things more straight, let's go back temporarily to the beginning of this paper again. If the theory of SR is exactly Einstein's SR (E-SR) with metric η µν , the α will not vary over cosmic time, i.e., ∆α/α = 0. However, the observations among cosmological distances go directly against it, i.e., (∆α/α) obs = 0. Even though people would be open-minded to face this big challenge [2] , the simplest answer to the puzzle seems to be that E-SR might not be exact for cosmological spacetime scale, or E-SR needs to be extended. To the best of authors' knowledge, the most natural consideration to extend E-SR in the framework of SR is the works due to Dirac(1935 [14] [15] [16] [17] [18] . Those works produced the theory of de Sitter invariant special relativity (dS-SR). Using the dS-SR in this paper, we correctly work out the prediction of ∆α/α 0 which is consistent with the data reported by [3, 4] . Hence the puzzle of α-varying over cosmological time could be considered solved. Our approach could be considered a very simple answer to the problem, if not the simplest answer.
The relativity principle problem in curved spacetime with constant curvature has been solved in dS-SR in [17, 18] via introducing Beltrami metric (see [20] and the Appendix of [24] ), and hence E-SR is the limit of dS-SR with |R| → ∞. Since |R|-value determined in the present paper is fortunately cosmology huge (∼ 500GLyr), we argue that such dS-SR would not contradict the experiments verified E-SR within the error bands. Furthermore, the many-multiplet (MM) method [5, 6] used in [3, 4] is itself R −1 -free. That the R is so huge (or almost infinity) means that the estimates to ∆α/α in [3, 4] are reliable approximately.
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A Beltrami Metric and de Sitter Invariant Special Relativity
In this Appendix we briefly interpret the Beltrami metric and the de Sitter invariant Special Relativity (dS-SR).
Beltrami metric:
We derive the expression of Beltrami metric (1.9) in the text. We consider a 4-dimensional pseudo-sphere (or hyperboloid) S Λ embedded in a 5-dimensional Minkowski spacetime with metric η AB = diag(1, −1, −1, −1, −1):
where index A, B = {0, 1, 2, 3, 5}, R 2 := 3Λ −1 and Λ is the cosmological constant. S Λ is also called de Sitter pseudo-spherical surface with radii R. Defining and treating x µ are Cartesian-type coordinates of a 4-dimensional spacetime with metric g µν (x) ≡ B µν (x), denoting this 4-dimensional spacetime as B Λ (call it Beltrami spacetime), we derive B µν (x) by means of the geodesic projection of {S Λ → B Λ } (see Figure 11 ). From the definition (A.127), we have
Since ξ A,B ∈ S Λ , and from (A.128) and (A.127), it is easy to obtain: where
Substituting them into Eq.(A.129), we have
Then, we obtain the Beltrami metric as follows
which is just Eq.(1.9) in the text.
Inertial reference coordinates and principle of relativity:
The first Newtonian law is the foundation of the relativity. This law claims that the free particle moves with uniform velocity and along straight line. There exist systems of reference in which the first Newtonian motion law holds. Such reference systems are defined to be inertial. And the Newtonian motion law is always called the inertial moving law. If two reference systems move uniformly relative to each other, and if one of them is an inertial system, then clearly the other is also inertial. Experiment, e.g., the observations in the Galileo-boat which moves uniformly, shows that the so-called principle of relativity is valid. According to this principle all the law of nature are identical in all inertial systems of reference.
Theorem 1: The motion of particle with mass m 0 and described by the following Lagrangian
satisfy the first Newtonian motion law, or the motion is inertial. In (A.132), the Cartesian expression of the velocity is as follows v ≡ẋ, and
Proof: By means of the Euler-Lagrangian equation
(where ∂/∂x ≡ ∇ := (∂/∂x 1 )i + (∂/∂x 2 )j + (∂/∂x 3 )k and etc) and L = L N ewton we obtainẍ
Theorem 2: The motion of particle in Minkowski spacetime described by
The proof is the same as above, because both L N ewton and L Einstein are coordinates x iindependent. Generally, any x-free and time t-free Lagrangian functions L(ẋ) can always reach the result of (A.135). However, when Lagrangian function is timedependent that rule will become invalid. A useful example is as follows:
where a constant Λ = 0. The stick-to-itive readers can verify the following identity via straightforward calculations from (A.137):
Noting that the Euler-Lagrange equation (A.134) reads
and substituting (A.138) to (A.139), we have
we haveẍ = 0,ẋ = v = constant, (A.142) which indicates that the particle motion described by Lagrangian function (A.137) is inertial, and the first Newton motion law holds. Thus, the corresponding inertial reference systems can be built. Noting which is the Lagrangian for free particle mechanics of dS-SR. Since (A.143), when |R| → ∞, the dS-SR goes back to E-SR. 
B Modified Beltrami Metric and de Sitter Invariant Special Relativity
We provide a brief introduction to Modified Beltrami metric (M-Beltrami metric) and the corresponding dS-SR. 
